ABSTRACT. We analysed species abundance and composition during one year of sampling at Itapuã State Park, a conservation unit in the State of Rio Grande do Sul, southern Brazil. Samples were collected monthly from May 2003 to April 2004 along a 4 km forest trail divided in three transects along the slopes of a small hill. Terrestrial isopods were hand searched by three people for 40 minutes at two sampling sites along each transect, summing 240 minutes of sampling effort per transect per month. Six species distributed in six families were found. The collector curve stabilised when half the samples were taken, demonstrating sampling sufficiency: analytical estimates did not predict more species to be found in the trail. Atlantoscia floridana (van Name, 1940) was dominant in all transects. Abundance varied along the year with a summer and a winter peak, but peaks were not consistent among transects. The first part of the trail, used for ecotourism, was less diverse, had less species (4 as compared to 6 in the other transects), and was thus also less similar in composition.
Terrestrial isopods are common representatives of soil meso-and macrofauna, where some species reach high densities: up to 1,040 individuals m -2 in the southern hemisphere and about 500 individuals m -2 in the northern hemisphere (HASSALL & DANGERFIELD, 1990) . A list of features making these organisms ideal for assessing soil sustainability is provided by PAOLETTI & HASSALL (1999) , which includes their importance on nutrient cycling and heavy metal accumulation (HOPKIN et al., 1986) . Terrestrial isopods are soil-dwelling arthropods often showing sensitiveness to soil physical-chemical properties and limited dispersal capabilities, and thus may constitute good indicators of soil properties (PAOLETTI & HASSALL, 1999) , especially on a local scale perspective.
Recent studies on isopod assemblages were performed in Australia (JUDD & HORWITZ, 2003) , Czech Republic (TUF, 2003) , Greece (LYMBERAKIS et al., 2003; SFENTHOURAKIS et al., 2004; , and Germany (ZIMMER, 2003) . In southern Brazil, LOPES et al. (2005) studied isopod diversity at biogeographic scale on three different landscapes within an altitudinal gradient.
An inventory study was carried out in southern Brazil (ARAUJO et al., 1996) , and brought to light the occurrence of two species in Itapuã State Park (ISP): Atlantoscia floridana (van Name, 1940) , and Balloniscus sellowii (Brandt, 1833) . Recently, Alboscia itapuensis Araujo & Quadros, 2005 (ARAUJO & QUADROS, 2005 was described from the ISP area. These records correspond to 11% of the oniscidean fauna known for the State of Rio Grande do Sul (ARAUJO, 1999 a,b; LOPES et al., 2001; ARAUJO & QUADROS, 2005) .
The present study analyses isopod species richness, abundance, and species composition during one year of sampling at ISP.
MATERIAL AND METHODS
Study Area. This study was carried out at Itapuã State Park, a conservation unit with 5,566 ha, preserving part of the last remnants of natural ecosystems typical of the Porto Alegre region (Rio Grande do Sul' s state capital). This area is characterised by a diversity of environments due to the overlap of two geotectonic provinces: the Coastal Province and the Sul-RioGrandense Shield (MENEGAT et al., 1998) . According to RIO GRANDE DO SUL (1997) , the landscape is composed of sandy beaches of the Patos lagoon and Guaíba Lake, dunes, and granitic hills. The vegetation cover is varied, ranging from grasslands to hill-slope forests with Atlantic forest influence; the climate is subtropical humid (Cfa in the Köppen classification), with average annual rainfall of 1,300 mm and annual temperature averaging 17.5°C.
Some areas suffered from intense human disturbance, which ranged from housing, especially in sites next to sandy beaches, to hunting in forested areas. A governmental intervention in 1990 regularised land use in the Park and closed it to tourism. This situation remained for ten years, during which time landscape regeneration was in progress until the recent reopening of the Park. The ISP currently receives hundreds of visitants per day, especially during summer weekends. There are trails used for ecotourism, which are visited by a limited number of people, accompanied by guides.
The trail (30º34'S, 51º05'W) udes in this study is 4-km long and 2-m wide, and was divided in three transects for the present study (Fig.1) . Transect 1, and sometimes transect 2, are used for ecotourism, whereas the remaining extension (transect 3) is almost always closed. In terms of physiognomy, transects are similar, with a well-defined tree layer, significant presence of lianas, and a limited occurrence of herbs. However, plant species composition varies, with some species found only in transect 1 (mainly shrubs and low trees, such as Erythroxylum argentinum Schultz, 1907 (Erythroxylaceae), Myrciaria cuspidata O. Berg, and Eugenia uruguayensis (Myrtaceae). Some species are only found in transect 2 (high trees, such as Ocotea indecora (Schott), Nectandra megapotamica (Sprengel) (Lauraceae), and Sorocea bonplandii (Baillon) (Moraceae)) and only two species belonged exclusively to transect 3 (Enterolobium contortisiliquum (Vellozo) (Fabaceae) and Syagrus romanzoffiana (Chamisso).
Sampling. Samples were collected monthly from May 2003 to April 2004. Terrestrial isopods were handsorted by three people for 40 minutes at two sampling sites ( Fig. 1 ) along each transect, starting from transect 1, summing up 240 minutes of sampling effort per transect per month. All specimens were fixed in ethanol at 70%, identified and counted.
Statistical analyses. Statistical analyses were performed using the software EstimateS (COLWELL, 2005) in order to obtain sample accumulation curves and analytical estimates of species richness, as well as accumulated diversity indexes. Species richness, abundance, and assemblage equitability were statistically compared among transects and seasons using a 2-factor MANOVA (calculated with SPSS 10.0). Beta diversity (species composition patterns) was also visually compared among transects and seasons by cluster analysis (Jaccard index, UPGMA method) and by statistical testing using two oneway ANOSIM tests with Bonferroni correction (calculated with PAST, HAMMER et al., 2001) . Patterns of change in abundance relative to space (transects) and time (seasons) were compared for the two most abundant species.
RESULTS
Species composition. After 144 h of sampling and 6,541 individuals captured, six oniscidean species from six different families were found: A. floridana (Philosciidae), which has a Neotropical distribution; B. glaber Araujo & Zardo, 1995 (Balloniscidae) (ARAUJO et al. 1996) and Trichorhina sp. (Plathyarthridae). The latter is probably an undescribed species, and it is the same found by LOPES et al. (2005) .
Alpha diversity. Sample-based species accumulation curve for field data show clear steps due to the small number of species found; the observed species curve stabilised after only half the samples were taken (data not shown), assuring sample sufficiency in terms of species present in the area. Analytical estimators of species richness do not predict more species in the area, and all curves stabilise at about six species.
On average, 181.69 (± 15.65) individual isopods were collected per sample, with 2.69 (± 0.15) species present. The MANOVA revealed no differences among seasons for the combined variables (species richness, abundance and assemblage equitability; Pillai's Trace, F 9, 72 = 1.300; p = 0.252), but differences among transects were significant in general (all three variables; Pillai's Trace, F 6, 46 = 2.739; p = 0.023). The tests for between-subjects effects showed richness to be significantly different among transects (F 2, 24 = 4.481; p = 0.022), and abundance (log) was marginally significant (F 2, 24 = 3.209; p = 0.058) Fig. 2 . Average abundance (log, white column) and species richness (grey column) between three transects across an anthropisation/ vegetation gradient in Itapuã State Park, southern Brazil. Bars are standard errors; columns with the same letter do not differ significantly for α=0.05. ( Fig. 2) . No differences were found for equitability. Tukey post-hoc tests place transect 1 (S = 2.08) as significantly poorer than 2 and 3 (both with S = 3.00).
Beta diversity. Figure 3 shows a species composition cluster for seasons and transects. This beta diversity pattern, analysed by ANOSIM tests for Jaccard and Morisita indexes (with monthly samples as repetitions, not shown in Fig. 3) , did not show difference among seasons (Morisita: ranking within groups: 37.58; ranking among groups: 32.59; R = -0.151; p = 0.872), but this pattern was different among trail transects (Morisita: ranking within groups: 22.61; ranking among groups: 37.58; R = 0.454; p = 0.002). Indeed, this difference is attributable to the fact that transect 1 lacked two species that appeared in the other transects (Neotroponiscus daguerrii and Novamundoniscus gracilis).
Atlantoscia floridana occurs in higher abundances first in transect 2, and then during winter in transect 1, having its numbers reduced in spring (Fig. 4) . These numbers increase again in summer, also concentrated in transect 2. Curiously, at the end of summer, abundances seem to shift again from transect 2 to transect 1, as it was seen in the previous year. Abundance of B. glaber was consistently higher in transect 3 throughout the year, with peaks in winter and early summer. In summer, they seem to expand their distribution to transect 1 as well, but occurring in low numbers for the other seasons.
DISCUSSION
The recorded occurrence of B. glaber, P. tabularis, Novamundoniscus gracilis, Neotroponiscus daguerrii and of one unidentified species of Trichorhina is considered a significant contribution to the knowledge of terrestrial isopods ISP, which was previously limited to only three species. Due to this addition, the number of species found in ISP now corresponds to 29% of the known Oniscidea fauna of Rio Grande do Sul. This study also extended the area of occurrence of Novamundoniscus gracilis. This species was previously recorded in the sand bank vegetation of the Coastal Plains (29°30'S, 49°78'W and 29°49'S, 50°04'W), and in Brazilian Pine (Araucaria brasiliensis) Forest, in altitudes between 900 and 1,000 m, in the State of Rio Grande do Sul LOPES et al., 2005) .
The methods used here are different from other inventory works conducted in the same region, and thus direct comparisons of abundance, species richness, and composition are only tentative. Atlantoscia floridana was already described as a common, highly abundant species in another nearby conservation unit , and as a dominant species in other regions with different physiographic characteristics (Brazilian coastal states, LEMOS DE CASTRO,1985; Atlantic Forest and Coastal Plains, LOPES et al., 2005) . Thus, it seems this species is a successful generalist in terms of habitat, occurring in diverse environmental situations, and frequently in high numbers. LOPES et al. (2005) provided the only other inventory dataset available for the region, in which the number of species per locality appears to be similar (2 to 3 species) to the values found in the present study. However, as mentioned above, the methods are different as to sampling effort.
The results found here indicate that the isopod assemblage differs among transects in terms of overall abundance, and more clearly for species richness, as well as for species composition. The sampled trail transects present many differences, such as vegetation composition and anthropic influence in the form of ecotourism visitation. These, in turn, affect other environmental aspects important for isopods, such as litter composition and soil structure (amount of organic matter and compaction). All of the above factors are known to influence isopod assemblages, and could be acting independently or in concert in the case of the Itapuã trail. Vegetation spatial heterogeneity can have a strong influence on the foraging behaviour of macrodecomposers (HASSALL et al., 2002) . JABIN et al. (2004) demonstrated isopod density to be higher next to coarse woody debris. On the other hand, several studies showed that direct or indirect anthropic impacts on soil features have a clear influence on invertebrate species richness, abundance and/or composition, although there are still only a few reports involving Isopoda. SCHMIDT et al. (2005) studied the arthropod community of reed beds at cut and uncut sites, attributing the decreased abundance of isopods to a lower availability of litter in the cut reed. MORETTI et al. (2004) observed that repeated fires negatively affected isopod species richness and abundance, and change species composition; Isopoda was the only taxonomic group in soil arthropod communities (out of 11) influenced by fire in all subjects analysed. DAUBER et al. (2005) demonstrated that isopod richness largely depends on human land use. In Brazil, PELLENS & GARAY (1999) showed there were more isopods in the litter of coffee plantations than in native forests. More field data relating isopod diversity with vegetation and soil environmental aspects are needed to determine the precise influence of these factors on this important soil decomposer taxon. Although our sampling involved a small spatial scale, the derived results show that soil fauna can respond at this scale to environmental changes. Whether these changes are responses to anthropic pressure (through trail visitation/ecotourism), plant cover, plant composition, or any combination of such factors remains to be determined. In particular, under conservation grounds, it may be argued that isopods, as small organisms important for soil function, could be good indicators to help decision-making in terms of zoning and management of conservation units.
